Biological invasions of aquatic macroinvertebrates are gaining interest because of their potential for significant ecological and socio-economic impacts (positive and negative). In the present study, an inventory was made of the alien macroinvertebrates occurring in Flanders (northern Belgium) based on extensive existing collections of biological samples and supplemented with our additional sampling programs. Fresh and brackish waters as well as the Belgian coastal harbours, situated at the interface of the marine environment, were investigated. Over 2,500 samples containing alien macroinvertebrates were identified to species level, which allowed us to accurately map their distribution in Flanders. Alien macroinvertebrates are widespread and abundant in many watercourses in Flanders. Four new macroinvertebrate species for Flanders were discovered: Procambarus clarkii (Girard, 1852), Echinogammarus trichiatus (Martynov, 1932), Synurella ambulans (F. Müller, 1846) and Laonome calida Capa, 2007. Fifty-two alien macroinvertebrates were encountered in fresh and slightly brackish surface waters, and 21 alien species were reported for the Belgian part of the North Sea and its adjacent estuaries. Most alien macroinvertebrates collected were crustaceans and molluscs. Alien species found in fresh and brackish water mainly originate from the Ponto-Caspian area and North America; fewer species originated from Asia and South-and East-Europe. The major pathways were probably shipping and dispersal through canals. Based on observations in neighbouring countries, several additional species are expected to arrive in the near future. Follow-up work is needed to assess the ecological and economic impacts of existing alien macroinvertebrates, and a monitoring program is needed to detect new incoming species.
Introduction
During the last century, an increasing number of alien species has been observed colonizing aquatic ecosystems worldwide. Although migration of species can be considered a natural process, anthropogenic influences have altered the geographic scale, speed, and dispersal mode of invaders (Elton 1958; Crooks 2002) . In Europe, the majority of the alien macroinvertebrates are found in fresh-and brackish water ecosystems and are predominately crustaceans and molluscs from North-America and the Ponto-Caspian basin (Bij de Vaate et al. 2002; Leppäkoski et al. 2013; Nunes et al. 2015) .
Because of the growing number of non-native colonizers, and the ecological and economic consequences they can cause, biological invasions have received increasing attention during the past few decades. As a result, the number of publications, workshops, congresses, and journals about alien species increased substantially (Pyšek et al. 2006) . In contrast to other countries and Wallonia (the southern region of Belgium) (Vanden Bossche et al. 2001; Vanden Bossche 2002; Josens et al. 2005) , the occurrence and spread of alien macroinvertebrates are poorly known in Flanders. Wouters (2002) showed that at least 13 macrocrustaceans had invaded Belgium while a study of marine and brackish waters in Figure 1 . Overview of the study area (Flanders, Belgium) with indication of the most important watercourses and geographical locations, an indication of the polder area (grey) and the three main harbours which are indicated by rectangles.
Flanders listed over 40 alien macroinvertebrate species including crustaceans, molluscs and worms (Vandepitte et al. 2012) . The proximity to the sea, the interconnection of different waterways, the high degree of canalisation, and the presence of several harbours make Flemish watercourses susceptible to aquatic invasions.
In this study, we mainly focused on alien macrocrustaceans since these represent, together with molluscs, the largest proportion of alien macroinvertebrates in many rivers across Europe (Bernauer and Janssen 2006; Gollasch and Nehring 2006; Messiaen et al. 2010 ). We present an inventory of alien macroinvertebrates in Flemish watercourses and investigate the temporal and spatial extent of such invasions. We collated data from various existing sources and complemented this with our own targeted surveys. The resulting dataset can be used for further research or management of aquatic alien macroinvertebrates and is especially useful in light of the new European Regulation on the prevention and management of alien invasive species (EU 2014) . This legislative tool requires member states to: prevent introductions of alien species of concern; to survey and rapidly detect those species; and to subsequently eradicate, contain, or manage them in an adequate manner . Also, the species registry presented here contains information on origin, date of first introduction, and pathways and can therefore be used to complement existing authoritative databases on species introductions such as Delivering Alien Invasive Species In Europe (DAISIE), The European Network on Invasive Alien Species (NOBANIS) or the European Alien Species Information Network (EASIN) (Katsanevakis et al. 2012 (Katsanevakis et al. , 2013a or relevant regional species registers (e.g. Zieritz et al. 2014) . Such species lists with information on dates and pathways are an essential basis for research and concerted action on tackling biological invasions Essl et al. 2015) . Data were published through the Global Biodiversity Information Facility (GBIF) under a creative commons license so as to maximize their potential for research and management of invasive alien species (IAS) .
Materials and methods

Study area
Our study was conducted in Flanders (northern Belgium), which is situated in Northwest Europe and is bordered to the northwest by the North Sea (Figure 1 ). The bounding coordinates for Flanders are: 50.68 to 51.51 latitude and 2.54 to 5.92 longitude. Flanders comprises an area of 13,500 km 2 , is highly urbanised, and is characterized by a high population density (on average 460 inhabitants km -2 ) (Vanweddingen 2012) . The region is classified as lowland and has a dense network of small and large watercourses that includes an extensive network of navigable canals (over 1000 km). The dominant land uses are agriculture, industry, and residential. The landscape typically consists of a highly fragmented and complex mosaic of different forms of land use (Poelmans and Van Rompaey 2009 ). This imposes a high pressure on semi-natural biotopes with habitat fragmentation and habitat quality loss as the major drivers of biodiversity loss in Flanders (Dumortier et al. 2007) . Different aquatic habitats were monitored including all types of watercourses (Jochems et al. 2002) , lakes, and (coastal) harbours.
Data collection
Species were classified as alien based on the definition used by the Convention on Biological Diversity (CBD, Decision VI/23) stating that alien species are those species, subspecies, or lower taxa that are deliberately or unintentionally introduced by human action outside their natural past or present distribution. Only (hyper)benthic macroinvertebrates were considered in this study. Sessile fauna and Ctenophora were not included in this analysis since they were not the focus of this research and require a different sampling strategy. Different sources of data were available: Flemish Environment Agency: Data collected by the Flemish Environment Agency (VMM; Figure 2 ) at 4,600 different sampling locations situated in inland waters (fresh and brackish water). A fixed set of sampling locations was sampled every three years, whereas most sampling locations were only sporadically sampled, resulting in a large dataset of more than 11,000 biological samples collected between 1989 and 2012. The samples are stored at the Royal Belgian Institute of Natural Sciences (RBINS). Since samples of the VMM are identified to genus or family level, information about alien macrocrustacean species such as Dikerogammarus villosus (Sowinsky, 1894) or Gammarus tigrinus Sexton, 1939 was not available, since both species belong to the Gammaridae, as does the native Gammarus pulex (Linnaeus, 1758) . Consequently, we further identified 2,500 samples to species level. Although we try to give a complete overview of all alien macroinvertebrates encountered in Flanders, here, we only identified macrocrustaceans, molluscs, and Platyhelminthes to species level.
Depending on the depth of the watercourses, macroinvertebrates were sampled by means of a standard handnet or the use of artificial substrates . The handnet consists of a metal frame of approximately 0.2 m by 0.3 m to which a conical net is attached with a mesh size of 300 µm. With the handnet, a stretch of approximately 10-20 m was sampled during three minutes for watercourses less than 2 m wide or five minutes for larger rivers. Sampling effort was proportionally distributed over all accessible aquatic habitats. In addition to the handnet sampling, macroinvertebrates were manually picked from stones, leaves or branches along the same stretch . Artificial substrates consisting of polypropylene bags (5L) filled with bricks of different sizes, were used for deep waters like canals, where handnet sampling was not possible . Three replicates of artificial substrates were left in the water for a period of at least three weeks before being retrieved. This way, species had the time to colonise the substrates. Both sampling methods represent standardised semi-quantitative methods .
New samples: We collected samples during 2008-2012 at various locations where alien macroinvertebrates species were expected to occur based on historical records, information retrieved from databases or observations made by colleague zoologists. The same method as applied by the VMM was used to collect these samples. Samples also were collected during a survey of the Belgian coastal harbours to assess the diversity and abundance of alien macrocrustaceans (Malacostraca) (Boets et al. 2012a ).
When investigating the macroinvertebrate fauna of the Belgian coastal harbours we also used a plankton net with a circular diameter of 100 cm, a length of 3 m, and a mesh size of 200 µm. This sampling method was used for qualitative analysis only, and the samples were used to assess the species present in the water column between 0.2 m and 1.2 m above the bottom. This sampling technique was used to detect mobile taxa such as mysids that are often missed when using a handnet or artificial substrates. The plankton net was towed behind a zodiac for 10 minutes at an average speed (4 km h -1 relative to the bottom). Sampling was done at predetermined, fixed, sampling locations within the harbour. All samples were taken during daytime when hyperbenthic organisms are concentrated near the bottom (Boets et al. 2012a ). Samples were preserved in the field with Norvanol, transported to the laboratory of Environmental Toxicology and Aquatic Ecology and sorted. Afterwards the specimens were identified to species level using several identification keys (e.g. Chapman 2007) To give a representative overview of the distribution of crayfish in Flanders, we not only used the standard sampling techniques as described by Gabriels et al. (2010) , but also used fyke nets (0.25 m diameter and a length of 0.50 m) specifically designed to catch crayfish with bait (cat food). Historical records as well as recent observations of crayfish were checked from October 2010 to May 2011 (Boets et al. 2012b ). Finally, data retrieved from a survey assessing the distribution of freshwater crayfish in Flanders (Boets et al. 2012b ) was added.
Historical collections: We also checked data from the RBINS collections and from the literature reporting on the occurrence of alien macroinvertebrates ( Figure 2 ).
Pathways
Information about the origin of the species, pathways of introduction, and the first occurrence in Flanders were retrieved from different literature sources (including scientific and grey literature). For the classification of pathways of introduction, the framework described in Hulme et al. (2008) and adapted by Katsanevakis et al. (2013b) distinguished five pathways: commodities intentionally released or escaped (e.g. aquarium trade); contaminants of commodities (e.g. aquaculture); stowaways on modes of transport (e.g. shipping); exploitation of corridors resulting from transport infrastructures (e.g. man-made canals) or unaided dispersal. Each pathway may be associated to a number of vectors (e.g. shipping includes vectors as ballast water and hull fouling). For simplicity and consistency with Katsanevakis et al. (2013b) , we used five pathways of introduction: shipping, aquaculture, corridors, aquarium trade, and others. A sixth category "unknown" was added for those species where there was doubt about which pathway explains the occurrence of the species.
We assessed the (un)certainty of a pathway using the approach proposed by Minchin (2007) and Katsanevakis et al. (2013b) . The following categories were used:
(1) Certain: there is direct evidence of a pathway/vector. There is a clear link between the pathway and the introduction of the species at a certain time. This is mostly the case for intentional introductions.
(2) Most likely pathway/vector: this applies to species that occur at a location where a single vector is known to operate. This is mainly the case for species introduced via shipping or aquarium trade.
(3) Uncertain: one or more possible pathways; the species cannot be related to one single pathway or vector.
The first occurrence in Flanders was inferred from literature, but is difficult to ascertain for unintentional or undocumented intentional introductions. The first date of observation or first report of the species in literature was used as the best proxy of the year of first occurrence. We plotted the number of new species introduced per twenty year time interval starting from the 1600s. 5.6% 13.9% 13.9% Figure 5 . Number of alien macroinvertebrates introduced by each of the main pathways and its uncertainty (see main text for explanation). Percentages add to more than 100% as some species are related to several pathways.
We produced a distribution map, representing the number of alien species per 5 × 5 km square and a heat (hot spot) map of macroinvertebrate invasions, based on the geographic clustering of alien species occurrences in Flanders. The map was created by interpolating discrete points to a continuous surface (Kernel Density Estimate method). Areas of greater color intensity indicate a higher density of occurrence. The map shows the kernel density estimate of observed data points in geospatial coordinates. We used the cartoDB torque aggregation function to aggregate the occurrence dots (http://www.cartoDB.com).
Dataset description
The occurrence data from the original alien macroinvertebrate dataset were pre-processed using open. 
Results
Taxonomic coverage: alien macroinvertebrates
Seventy-three alien macroinvertebrate species have been collected in Flanders of which 52 are regularly encountered in fresh and/or slightly brackish waters (supplementary Table S1 ). The remaining 21 species are restricted to the marine environment for at least a considerable share of their lifetime. Most alien macroinvertebrate species were crustaceans (51%), followed by molluscs (27%), annelids (19%) and platyhelminths (3%) (Figure 3 ). Most alien macroinvertebrates originate from North America (37%) or the Ponto-Caspian region (21%) (Figure 4 ). The main vector of introduction is probably passive transport via the hull of ships (biofouling) and ballast water (62.5%).
The transport via canals is the second main vector (26.4%) and promoted the dispersion of alien macroinvertebrates. Also, some species were introduced through aquaculture (13.9%) and hobbyists (5.6%) ( Figure 5 ). 1893-1912 1913-1932 1933-1952 1953-1972 1973-1992 1993- During the last twenty years, an exponential increase in the number of established alien species has been observed ( Figure 6 ). Before 1950, the number of aquatic alien macroinvertebrate species encountered was quite low, whereas after the 1950s, many alien macroinvertebrates were found in Flemish watercourses. Since 2000, 24 alien species were newly recorded in Flanders including four species first detected during this study: Procambarus clarkii (Girard, 1852), Echinogammarus trichiatus (Martynov, 1932) , Synurella ambulans (F. Müller, 1846) and Laonome calida Capa, 2007. Hotspots for invasion of alien macroinvertebrates include the canals in the eastern parts of Flanders, the harbours, and the polder watercourses ( Figure  7 ). Regions with a high number of species often also showed a high number of records of alien macroinvertebrates (Figure 8 ). The border area with the Netherlands shows a high diversity of such species, while the southern part of Flanders exhibits a lower diversity of alien species. Many species were recorded for the first time in the canals in the eastern part of Flanders. An online overview of the distribution of all alien macroinvertebrates discussed in this paper can be found at http://inbo.github.io/alien-macroinvertebrates/.
Taxonomic coverage: macrocrustaceans and molluscs
Crustaceans represented half of all alien species (37 species), followed by alien molluscs (20 species). Most of the species were frequently found in the samples of the VMM. Especially in freshwater, the number of alien crustaceans was high (21 species) compared to the number of native species (3 species). Two important and successful amphipods that widely occur in Flanders in fresh and brackish water are Gammarus tigrinus Sexton, 1939 and the killer shrimp Dikerogammarus villosus (Sowinski, 1894). The killer shrimp has been spreading quickly since its introduction in 1997, especially in large rivers and canals that have a hard, non-natural, bank structure (Boets et al. 2010) . Gammarus tigrinus was first recorded in 1991, is now widespread, and can reach high densities in canals and brackish polder watercourses (Boets et al. 2011) .
Four species of alien freshwater crayfish were found in this study. The Turkish crayfish (Astacus leptodactylus Eschscholtz, 1823), originating from Eastern Europe, was found for the first time in Flanders in 1986 (Gerard 1986). The species was originally introduced to supply the natural stock but seemed vulnerable to the crayfish plague and did not have the expected yield (Pérez et al. 1997 (Wouters 2002) . O. limosus has a wide distribution in Flanders and occurs in almost all river types. Currently, it is the most frequently recorded species in Flanders. The most recently introduced species is the red swamp crayfish (Procambarus clarkii), which was found in 2008 in a pond in Zammelsbroek, a nature reserve in the Eastern part of Flanders (Boets et al. 2009 ). Currently the species has been recorded at several locations in Flanders in ponds as well as small canals and rivers (Boets et al. 2012b ). This indicates that the red swamp crayfish is spreading rapidly, possibly due to its ability to disperse over dry land.
Crabs are another group of alien species often representing high abundances and high biomass. The best-known alien crab species is the Chinese mitten crab (Eriocheir sinensis (H. Milne-Edwards, 1853)). This species has been recorded since 1933 (Wouters 2002 ) and occurs in several locations throughout Flanders. Although the mitten crab can reach very high densities, it was only sporadically found in the samples of the Flemish Environment Agency, probably due to the applied sampling technique that is not designed to catch this species. In the marine environment, Hemigrapsus takanoi Asakura and Watanabe, 2005 and H. sanguineus (De Haan, 1835) were regularly encountered. These two species are spreading during the last ten years and it is expected that they compete for food and habitat with the native green crab (Carcinus maenas (Linnaeus, 1857)). Another crab species which is regularly reported from marine (Nieuwpoort) as well as inland harbours (Ghent and Antwerp) and that seems to be spreading in European waters is Rhithropanopeus harrisii (Gould, 1841) (Roche and Torchin 2007) .
Besides crustaceans, many alien mollusc species were found in the samples. The most frequently found species were the New Zealand mud snail (Potamopyrgus antipodarum J.E.Gray, 1843) and the acute bladder snail (Physella acuta (Draparnaud, 1805)). Potamopyrgus antipodarum is a species that occurs at high abundances in brackish polder watercourses, while P. acuta mainly occurs in freshwater streams. A high reproductive ability and a high tolerance towards environmental pollution promote its fast spread. In polluted rivers, it is often the only mollusc species recorded. Zebra mussels Dreissena polymorpha (Pallas, 1771) dominate large rivers and canals. This species attaches to hard substrates and can reach very high densities causing fouling problems. Its relative, the quagga mussel (D. rostriformis bugensis Andrusov, 1897) is rapidly colonising watercourses in Flanders and seems to outcompete the previously successful zebra mussel (Marescaux et al. 2015) .
Discussion
Established species and alien macroinvertebrates on the horizon
The present study, which compiled data from various existing sources complemented with own surveys, reveals that more than 60 alien macroinvertebrate species occur in Flemish watercourses. Moreover, our study revealed that at least 30 alien crustacean species are present in surface waters in Flanders. Especially in freshwater, the number of alien crustaceans is relatively high compared to the number of native species recorded. One species, the native crayfish Astacus astacus (Linnaeus, 1758), went extinct in Flanders and is highly threatened in the southern part of Belgium and the rest of Europe due to the crayfish plague, habitat deterioration, and a decrease in water quality (Boets et al. 2012b) . Four alien crayfish species currently occur in Flanders, of which Orconectes limosus is the most abundant and widespread. Orconectes limosus appears not to be as sensitive to land use changes and human activities as the native crayfish species (Schulz et al. 2002) , and it can thrive in habitats such as soft substrates, turbid and muddy waters, polluted canals, and organically enriched ponds and lakes (Miklós 2009 ). Since 2009, P. clarkii has been found in Belgium and it is expected that this species can become the next dominant crayfish species because it is known to outcompete other crayfish (Gherardi 2007) . P. clarkii is known to contribute to biodiversity loss and habitat degradation in several freshwater systems of south central Europe (Gherardi and Acquistapace 2007) and is therefore also expected to have negative impacts on aquatic communities in Flanders.
Besides crayfish, there are several alien species of amphipods. The best known invasive amphipod is the killer shrimp (Dikerogammarus villosus). This species, originating from the Ponto-Caspian area, started its colonisation in Flanders in the Albert canal in 1997. Due to the hard bank structures and stony substrates present in canals and large watercourses in Flanders, the species quickly dispersed (Messiaen et al. 2010) . Although the range expansion of D. villosus may be influenced by many factors including hydrological regime, temperature, salinity, water quality, and food availability (Josens et al. 2005; Devin et al. 2003; Messiaen et al. 2010) , habitat heterogeneity and substrate type in particular may play a crucial role in its dispersal. Detailed research on this species based on data-driven models indicates it mainly prefers large rivers and canals with a hard bank structure and relatively good water quality (Boets et al. 2010; . Where the species arrived, it always replaced the native G. pulex and in some cases the alien G. tigrinus (Messiaen et al. 2010) . The effect of D. villosus on other amphipods could also be observed in neighbouring countries including the Netherlands (Van der Velde et al. 2000; van Riel et al. 2006) and France (Devin et al. 2005) . Many studies show that this 'killer shrimp' can prey upon a diverse array of macroinvertebrate species, including native and other previously successful invasive amphipods, as well as on fish eggs and larvae (van Riel et al. 2006; MacNeil et al. 2013 ).
In the marine environment, the number of alien macrocrustaceans was quite limited and their distribution remained mostly restricted to the main coastal harbours or the Scheldt estuary. Many of the marine and brackish species were only recently discovered in Flanders. Whereas the number of newly discovered alien invertebrate species in freshwater has been levelled off, there are still many alien marine invertebrates establishing (Hulme et al. 2009a) . With four species, Decapoda represented an important part (in terms of biomass) of the alien fauna found in the brackish and marine environment (Boets et al. 2011) . Most larvae of Decapoda can be easily transported via ballast water of ships, which allows them to easily disperse not only between European countries, but also within Flanders.
Although almost all known alien macrocrustaceans and some new alien species for Flanders were found during this study (Table 1) , some species were less frequently captured than others. First, some of these species have a limited distribution with only few established populations present in Flanders. Second, the sampling techniques being used are not always effective to capture mobile or large-bodied taxa such as crabs, mysids, and crayfish. The sampling method can have an impact on the assessment of the distribution of certain invaders such as E. sinensis, Hemimysis anomala G.O. Sars, 1907, Limnomysis benedeni Czerniavsky, 1882 and Orchestia cavimana Heller, 1865. Based on the review by Wouters (2002) , E. sinensis is widely distributed in Flanders. This species can have a large impact on the environment due to its burrowing activities, and predation on and competition with native biota, including plants (Herborg et al. 2007 ). The limited occurrence of this species in the dataset of the VMM is most probably a consequence of the sampling method. The species is difficult to catch with artificial substrates since the organisms are highly mobile both on land and in the water. Therefore, other sampling techniques, e.g. fyke nets would give a more accurate picture of its actual distribution (Devisscher et al. 2015) . Invaders like H. anomala, L. benedeni and O. cavimana are not often observed, which is probably also due to the sampling method (artificial substrates and handnet), since H. anomala and L. benedeni are fast swimmers, while O. cavimana lives on the river banks in fresh and brackish waters (Josens et al. 2005) . Additional sampling of the river banks and stone sampling might reveal that the latter species is more abundant than currentlyused sampling techniques suggest, while a hyperbenthic sledge would be a good sampling device to sample mysid shrimp. The application of a Multiplate Hester-Dendy Sampler could also be a good tool for standardized monitoring (Kirk and Perry 1994) and trials are currently carried out in Flanders to set out such a monitoring network.
Crustacean invaders such as Dikerogammarus haemobaphes (Eichwald, 1841) , which has already invaded the Meuse (Josens et al. 2005) (Koese 2008) and can be expected in the near future. However, their spread will largely depend on competition with the species that are already present (Kley and Maier 2006) . Recently, another eastern north American species, the mud crab Dyspanopeus sayi (Smith, 1869) , was recorded in the Seudre Estuary in France and has the potential to invade neighbouring countries, including Belgium (Aubert and Sauriau 2015) . A recent horizon scanning exercise for the North Sea region identified Potamocorbicula amurensis and Asterias amurensis as marine alert list species (Gallardo et al. 2015b) . Continuous monitoring of new and established invaders is necessary, in particular regarding their habitat preferences and their effect on native species, to obtain a better understanding of their impact due to competition and predation. Moreover, migration models can be relevant to make better predictions regarding the migration speed of alien macroinvertebrates in rivers (Gallardo et al. 2012; Boets et al. 2013) .
Spatial patterns, pathways of introduction and trends of establishment
Most alien macroinvertebrates were encountered in the canals in the eastern part of Flanders and in the coastal harbours, which can be considered hotspots for alien species. Research has indicated that proximity to harbours and the connection of watercourses can, to a high extent, explain the spatial patterns of alien species and thus indicate which areas are prone to invasion (Gallardo et al. 2015a) . Most alien macroinvertebrates were discovered for the first time in the east of Flanders, after which they gradually dispersed to the west. The close proximity and connection with large rivers such as the River Meuse and River Rhine could explain why this region is characterized by a high number of species and occurrences of alien macroinvertebrates (Figure 8) . The large network of canals and its numerous connections probably promoted the further spread.
Despite some uncertainty on the pathways of introduction, shipping, and man-made canals were probably the two most important ones. Many species are transported overseas via hull-fouling or ballast water of ships. Once alien species are introduced in a harbour, they can easily disperse via inland waterways such as canals. Both pathways (shipping and corridors) can be related to the most important donor regions: North America and the Ponto-Caspian region. Most marine species originate from North America and were probably introduced via long distance shipping. For freshwater species the Ponto-Caspian region can be considered an important donor region. For the latter, dispersal via canals an inland shipping has shown to be an important pathway (Bij De Vaate et al. 2002) . Although we investigated both the freshwater and marine environment, our results are similar to Katsanevakis et al. (2013b) who found that for European seas more than 50% of all alien species were probably introduced via shipping. Our results support the idea that the implementation of the Ballast Water Convention and strict regulations on trade are important to reduce the introduction and future spread of alien macroinvertebrates. With the recent ratification of the ballast water convention by Flanders, all Belgian regions have now ratified this convention and ratification by Belgium as a member state is therefore envisaged shortly.
Despite some regulations (e.g., Regulation (EC) No 708/2007), a large increase in the number of alien macroinvertebrates has been observed for Flanders during the last 20 years, with almost 4 times as many new species established during that period compared to previous time periods. A similar increase in the number of alien species recorded has been observed on a European scale. The enormous increase in alien species that have been recorded is mainly a result of the increasing globalization (Meyerson and Mooney 2007; Hulme et al. 2009a) . Increased trade and new technological developments allowing larger cargo vessels promote the spread of alien species. Moreover, changing environmental conditions (e.g. increasing temperature) and the improvement in chemical water quality, especially in freshwater environments, also contributes to the establishment and spread of alien macroinvertebrate species .
Impact assessment and management of alien macroinvertebrates
Alien species are not mentioned specifically in the European water framework directive (WFD; European Communities 2000) . However, the precautionary principle in the broad sense is applicable with regard to the negative effects of alien species, because aquatic ecosystems have to be protected from decline. Alien species may modify the native biological structure and ecological functioning of aquatic systems and the assessment of alien species as a biological pressure should therefore be considered as a part of a catchment management policy together with other pressures. However, effective control measures to eradicate established alien aquatic macroinvertebrates often are not available and at best only slow down their expansion. Control measures can also cause additional damage through non-target effects (e.g. application of pesticides) or impose additional risks (e.g. introduction of natural predator of alien species). The Belgium Forum on Invasive Species (http://ias.biodiversity.be) proposes a system of lists, based on the ability of a species to disperse, invasion status, and environmental impact . It is suggested that this list can be used to select species for further extensive risk assessment with the aim to impose a ban in import, trade, and introduction in the natural environment and to prioritize species for eradication or control. In such a system, it is necessary to demonstrate significant damage before a species is listed (currently no alien macroinvertebrates are listed). However, by the time damage can be demonstrated, the species under consideration is usually well established in the area, and not much can be done to stop its further spread. In our opinion, preventive measures, such as the obligatory treatment of ballast water and controlled trade, are the only possible solutions to reduce the influx of alien aquatic macroinvertebrates. Thus, with regards to alien invaders of freshwater habitats, raising biosecurity awareness at all levels of society is key (Caffrey et al. 2014) , for when they are detected it is often already too late to act.
On a European level, a list of invasive alien species of EU concern that cannot be traded, kept, or bred and of which the future dispersal should be limited through preventive actions (e.g. pathway regulation) or active management has recently been approved. Chinese mitten crab and five species of crayfish (O. limosus, O. virilis, P. leniusculus, P. clarkia and Procambarus fallax f. virginalis) are on the list of EU concern and therefore regulated. Flanders will need to set up surveillance and rapid response for species that have not yet been reported in the region (Orconectes virilis, Procambarus fallax f. virginalis). For already established species (E. sinensis, O. limosus, P. leniusculus, P. clarkii) , risk management options should be evaluated. In addition, a mechanism for repeated horizon scanning identifying potential future problem species can be a powerful tool driving more active policy towards preventing invasions. In this respect, a recent exercise has evaluated the potential threat of freshwater, brackish and marine species Gallardo et al. 2015b ). This way, we can anticipate on the establishment of new species. In case a species is able to establish, early detection is of crucial importance. In this regard, online platforms and mobile applications have been developed in Belgium allowing citizens as well as researchers to report on the occurrence of selected alien invasive species .
